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│𝑽𝒖𝒅 
𝟐 + 𝑽𝒖𝒔

𝟐 + 𝑽𝒖𝒃
𝟐= 0.99990(60)1 

Superallowed 

Fermi decays 
K-decays 

|Vub| negligibly 

small 

 𝑉𝑢𝑑 = 0.97425(22)  𝑉𝑢𝑠 = 0.2252(9)  𝑉𝑢𝑏 ≈ 0 

1Severijns et al, Physica Scripta, 152T 014018 (2013) 
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Right hand side: 

𝐾/ ℏ𝑐 6 = 2𝜋3ℏln2/ 𝑚𝑒𝑐
2 5 

𝐺𝐹/ ℏ𝑐 3 - is the Fermi coupling constant 

Δ𝑅
𝑉 = (2.361 ± 0.0038)% - is the radiative correction 
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2 5 

𝐺𝐹/ ℏ𝑐 3 - is the Fermi coupling constant 
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𝑉 = (2.361 ± 0.0038)% - is the radiative correction 

𝜌 – is the  

Fermi/Gamow-Teller  

mixing ratio 
 

𝒂𝑺𝑴 =
𝟏 − 𝝆𝟐/𝟑

𝟏 + 𝝆𝟐
 

 

𝑨𝑺𝑴 =
∓

𝟏
𝑱 + 𝟏𝝆𝟐 − 𝟐

𝑱
𝑱 + 𝟏𝝆

𝟏 + 𝝆𝟐  



 

Potential of 35Ar 
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 Isotopically pure and well 

localized sample of atoms  

 Temperature range 

typically 100 μK to 10 mK 

   Allows detection of both 

emitted particle and recoiling 

parent nucleus 

   Extremely high nuclear 

polarizations are possible 

 MOT very accurate method for β-decay measurements 

e.g. 𝑎𝛽𝜈 = 0.9981 30 37  in 38mK decay1 

1Gorelov et al, PRL, 94 142501 (2005) 



β decay correlation coefficients 

General formula for the angular distribution of the β-decay: 

 

 

 

 

 

 

 

 

Where (𝐸𝑙 , 𝑝𝑙) are the four-momenta of the leptons, 𝑃 = ( 𝐼  /𝐼) is the 

nuclear polarization of the parent nucleus along, 𝑖 . 
aβν, b, c, Aβ, Bν and D are all correlation parameters that depend on the 

fundamental symmetries of the weak interaction. 
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Measurement of Aβ requires knowledge of the nuclear polarisation P 
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Atomic transitions - 35Ar I=3/2 

Atoms optically pumped into 

F=7/2 mF=7/2 state 

Spin polarization in a K MOT : 96.5(8) %1 

Spin polarization in a Rb optical dipole trap : 99.2(2) % 2 

1Melconian et al, Phys Lett B, 649 p370 (2007) 2Fang et al, Phys Rev A, 83 013416 (2011) 
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Preliminary experiments with 40Ar 

Develop polarisation techniques 

» optical pumping 

» dipole force trap 

 measurement of trap loss rates 

» develop measurement techniques 
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LN2 Dewar – 

cooling reduces 

𝑣  by ~ 2 

Metastable source design 

Translatable 

bellows – thermal 

contraction 

Decoupling bellows Argon gas 

inlet 

RF discharge – 

excitation 

efficiency ~ 10-4 

AlN tube – 

high thermal 

conductivity 

Observation 

port 
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Currently a limitation – requires further investigation!  
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 November -  

 Developing 

spectroscopy  

 Next step - 

installation of 

vacuum 

apparatus 
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 Laser system is installed  

» developing locking systems inc. spectroscopy of 40Ar 

 Metastable source has been designed and is being installed 

 Performing modeling of atomic beam inc. transverse cooling 

 Need to further develop techniques for either : 

» improving efficiency of excitation to metastable state, or 

» increasing the available flux of 35Ar 

Summary 
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Thank you 


